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(54) DC/DC CONVERTER AND CONTROL CIRCUIT 

(57)Abstract: I 
PROBLEM TO BE SOLVED: To provide a DC/DC 



converter for generating stable output with a small 
ripple. 

SOLUTION: Switches M1 and M2 are turned on and off 
alternately according to a state of a flip flop 102. The flip 
flop 102 is set by a set pulse generated periodically by 
an oscillator 105 and reset by a reset signal generated 
by a comparator 104. The comparator 104 generates the 
reset signal when a current signal IcurO that represents 
an inductor current becomes larger than a command 
value signal Icount defined by an output voltage Vout. 
An offset generating circuit 1 gives offset to the current 
signal IcurO while the switch M1 is opened. 
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-^tefct) U-fev l-Sft*. 3>a-1/-^10 4«. -Y> 

^ *msS£3i-rsaE<i-s§ i curo^ta^mffvout ki 

-SJg^ffi^ I contJ: 0 < ftofci £ 
* -j 3-M 1 #g§tKaS©»IIHJ. S2lfcfg4f I curoGC*:? -fe 
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CW*3S1] «tfiK«*&ffl©X-f 9 9\ fc^CR-©*-*' 
9 ? £ Httiatf- £ ©RSJ CcR W 6 ft 5 -f > * f £ * Str D 
C/DC3>;<-$?*ot, 

±IB *fl-0Ti*ft4 ttifcP H0JWBEK: 1 > 

**P8tK!£(C$tf5fci&©«#£^-r.58l2©fI#£ 
fS@88i. 10 

B k ±sB3r 2 od^^fiKiHisstc rJ±$S;*ft£A^{i#© 

?rW-r -5 D C/D C n 

[l»*3B 2 ] ±12* [USS«. ±12* 9 ^ 
9 h*JBI»rsai*31 IKSBtt© DC/DC 

*. 

**JiJrr -511*311 JCfEiS© D C /D C 3 

-f 9^>^j*ft51«a©X-Y jf. *iJ;0**©lffl©X 
■Y 9^iffi^^t©|BICCSW6*a*-/ 
DC/DC3>«-$t*oT. 

±12 i ig©* -r 9 *%0ttefli<z)£ i ©x w 9 

«fc O'SSiEffl©^ 2 ©X 9 g 1 ** 6 £ ft T *} 9 . 

w«raPBc:t{c&R34is-fe9 m#{cs£o-c. ±mm 

->;J->-f ■5Ull(D[H]Sg<b > 

±g2 -f > # * z zit l- -cam 5 «sse*« w^sbejcs-^c > 

X-f -y?-i:*i->*V?Ztt tic. -?-©£->*:7© 

* -c 5 ^vfrbmfemmtfimi&Ltcm^&mz ©* ^ 

9 * £ £ - >^>T -5ST2 ©HSS £ . 

4>&< ifc±ief&2©;w 9^*55»->*73n5^-< 

5>^*s < tC>' ; £-©ifi^©»3ra^*iC^r. ±f2^2©IslSS 

cci»jm»ccj;b®$n5A*ft#©^%©ii>^< tt>- 40 
#tc*7*9 h^^sma©!!^^. 

4Wt5DC/DC3>^'-$. 
Cft*315] ±l2SS2©[n]S§te 1 ±?e-(>^f^ 
L "C ifcft 5maS£gtTHII <b ±KJS^« £ * HSR* 4 3 

±IBm3©HSSW. ±!BHIl©;W9 3 : -#£->*:7$ 
ft/c£W 5>i/*>?.-?-©X-/ 9^A^->^->Stl5 5 

-Ys>y*-c©wia. ±ME4>#?fZifn,-a&ti2>m 

SS ; &aTmiE?r(ST3 -&5li*J14 (Cl2$g© D C/D C 
n>/^*-$„ 50 
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Cfl*JS6] liSftJ&fflOXY^. fc<fct>'^©X-Y 
9 5 1 £ tB^iS-f- £ (Dffl CC&W 6 ft -5 W > £ £^jtr D 
C/DC3 >^-^©tH*SBE«r*lJ®-r5$lJ®lHlffi-C* 

±12*-/ 9 ^«:E3R^(C$-a-5/c*©® 1 ©tOS. tie 
«±SEX «rBflt»Bt{C 3 4 /ctf>©SS 2 ©tt!?g© 5 

^©^-rti*^-^©tt.^^-r^7 »9*iaKi. 
±iB7 9 ?0gs£±te3i i ©ttffijctsfcftot 

±.iz-4>#>7$zftL -cans «bs«di*«E«:aE-3(,» 
r&g5}g^ffi=fc 9 &*$<&-?/<:££«:. ±32-79? 
iHiss*±i2^2©«^«:-r-5fc»©y-fe9 mi-^*£js 

±K* 9 ^a^tftUKft-s $ A s > i/(c|S]^b-r. ± 
E!/*» f-ft-^^£lilSS4cJ:05:^CcJ:t»5^n-5A*<i 
^f©5^©4>&< ife— *{c*7-fe9 h*5Z.2>*y-te 

9 na»i. 

£WT 5 D C/ D C 3 £ ©fWffil@8&. 
£^t?D C/D C a >^'- HVib-iX. 

±12^-/ 9 f-*^«i(c$ti5/ci6©m-^*^s;-r5m 

l©ft^fS0gSi. 

±12 -iis%t>% ^.ix u x&ti&nmtfimuwBEicm-rsi, > 

X^Sl-SJi^fiiitl^A^OSo/ci^tc. ±12X^9 

^^gg^sgee s tts ^©ft^^^s-r 2 ©m^ 
±12* -y vr&mvimtte-itctjmm. *-5^«-5-n« 

R K±f2fS 2 ©M-^^HffiiC r ttts 3 n 5 A^Jft-^© 

- Z fc J: C/€©$iJW^{C^ 0 . #tcm^»^;© 
DC/DC 3>^\'-^4c^t)5. 
[fi£*©S«] DC/DC^^-'N'-^tJ. &-5DCSH 
^r-e©D CSJEi^^^ D C^EtC^tfe-T -S^gf * 

©DC/DC 3 W©|51S8E-C*5. C©D 

c/dc3>a-^(j:, pwm (>»^**§^ii) 

SSflPL/. 9 9 t >^U*'^U-*£Pftfft5t£#<J5> 
5. ^/c. C©DC/DC3^'-^B, -/>y^4f{C 

^©m»«:s-^^rffi^)Dcm 

E^i^-T-5. 9^M1*jJ:C>*M2«. fciitf, 
Sl^Kit^jCC^^n/clfflCMOS h7>^*3?-C* 
0. ^-?hK9-/ ^IISSI 0 l*^^6n5IBi!)<I 

3 ft 5. XW9^Ml{C»A#mEVin#EPJra3ftT*$ 
0. — 9 ?-M2W:lgtft3ft-CC>-5„ X-Y ^?-M 
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3 

1 *5 <fctfM 2 te. a*WCCtt, 7 'J » VV P^102 

0 2#yfc* htflKOifctt. X-f**M l*$<fctfM2 

1 l «3&J> (^>^^^>) LTt$>< 0 tH*n> 
tl^ 0 C©DC/DC3>/^^m ffl*«EVou 

X7-7>7'10 3^ Hi^SEVout ffi 
*ffll^Tffl*aEVout St^EL/cHE) 

i contour WAT*. 3>^u->i0 4B, 

0 3*6ffi;&3ftSJ&4Nl«#I oxitiSitKW*. * 20 

aw*, cco-fe^ hfi-sfte, %ssi 0 5<D5£«ja&ifc 
cci5i)WL/c/^i/xm^"e*S. 7 y y^yvLyfi o 2 
©■te?h*(mctt % AND y — h (frA^JflfflA N D 
y-h) 1 0 6^lt-b7 Hf##A*3ft> — *. 
7«J^70^1 0 2<Dy-k* hS^F-CCtt, n>^'U 
1 04*6©yt? JWc, H 

9 tr#6 D C/DCa *<Dttft*BMB-r 

5. 7'J^7a^i02tt, 0 5*>e><D-fe 30 

7P7^1 0 2*H2* HRWctt*£, |g«jfs*5|VL# 
THJ TLj t&lc. IBttfi-^Vu^ 

TLJ ^6 THJ tC^ftr^CitCJ:*), 7s 4 v 2 

ft£ 0 «» % -Y>#**»atl L teff JOLT &$><<> c© 
4 >#**Wfc I L Zm-mttLm-^l curr#S:t^-7> 
^10 3 ©ffl*-C*4JB^fflfi# I contCCjg-T* t , 3 
>^U-* 1 0 4tt, -ecDffl^^: r L J THj 
0^^€>o 3>AU^^10 4©ffl*tt, 7'J^7*7P 40 
v^l 0 2©y-fe^ HS»CC^6n4. 7'J-;7*7P 

0 2tt. *<Z>y-fe? htt^tcfc^T r H J 
rs«t % 'J-fe^ttiiftS. 7«J^7D^102 

tlj centra fgi&m-^v l 3&s r lj ^6 
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Stlfti, ±B«lff#IIOjB*Sti*. "Ttttofe. DC 
/DC S^WW:. XSSI 0 5<D#ygJl 

«C^tDC/DC3>^^r«. tii^mEVout CCS 

^i>r^s*is»4MiM-9i cont*jBt>r-r>y** 
mss i l £$ra-r&c <t«: ± g a^mEVout **— je© 
titers ns. c©dc/dc3>^-ws 

JST^aWBEEB:* #JH«EVref fcJ:->r*»6ti 
fr*>\ *^?*Ml*$J:tfM2W:. £ 

U Cft62o©x^**^B*fcB*»K&44. * 
iSft-Sf V u fc J: V L«, x<iv*Ml *5<fc M 2 

[A9!#KjRftLJ:9& a r&IHI] iC4#. DC/DC 
ls*VVc\*^X;4Xbm%&h. fit, Z<DS<{X 

79 7^7a9^10 2CD"fe?h»?K 

0 6WBBl»rt»Sfc(Di-r4. 7'J^7'7P^7'10 2 
Rot-? h^^X(CJ:D^9 htKSKcfc*^ Jdil 

>^b-£ i o 4<d/±i^ ( y-fe? r l j ^ 

6 THj WOfb^o ^cfc, BRHBEWmET^O 
-C, maSff-^ I cur^Ji^filM^ I cont£jSx.T^6, 
y-fe^ hfl#3WI8BCC r L J THj CC«Ji)«to4* 

r*ctt. 9fje<oRHH*srs. y*» thj 

^^i, 7'J?^7O9?102#'JtyHjai44 

lx®< 0 mar 3 cc^c^r, ^c©*^ h^x^js 

7>J^7P?^10 2*sy'fe-yH«8^e>'b7 

/c^CD|g«jft#VL * THJ 3^6 TLJ KSftr*. C 
nccj:0. ^^^M2IW->*7ShS. ^ 

£X$>2> 0 y*M2ifi*->*7iZtiZ£ % S%(1 
^1 curKCy^X*s»PAe>*iS. fit, fcU CCDV 
-TX^J: 0 v mWtm^ I cur^}g^ffi«-^ I cont^rM^ 
XL£*>£, y-fev h«W TLJ *»6 THJ «c«fbT 

ffim# i cont*e^r^e>, y -fe 7 hft^^cc 
r l j r h j cc«joe*>s*r«:tt % ^fS(Da$pa^ 



5 

Ts *cfec>T r l j a>6 r h j ecsjosto*. — * 
) (cfci^r. rLj a>6 thj tc«iog^^ 0 ufc# 
3ft£<, c<d»^. l 

fcJtttt* B$£iJT6 {C«f^r%0^? FAX,*** 
£jffi3ft**r«5>OTl><o C<DgL B$S>JT6 (C**C> 

I L tt. ««fl# I curr#Jg^ffifE-if I co 

m*«a«ttfWiJt^rs<«c->rc^4<Dr. swot 3 

L*»5fc»(c. »^fla«J:9 6&i*BIBL ^^^^ 
1 l ogotttP:** < ft 9 , c titcff^r , h«jwev 

out <D^K> PJ y^JU«BE) W8<ftoTUjH. ft 
fe\ J^cDWr^ ^XCCjtaBLT 'J-fe* FA;l/*a&s 

^stisawcx-f 9 1 zmw? ztctbcomMm-^ 30 
Vu ifi r l j r h j (c«jDStoon»43W, ? 

m&icx^xte. mnfsnvu # tlj r h j cc^o 

5felPl3S (AND h 1 06) ZffiJLZmi&fcto^X 

nr. tsiiut, x^^mi t*£->*>3ftft 
Sfii^o<ft-or^rc^o-e, dc/dc3>^ 

0, ^T<DSIol3S^<S^^ s ^l<D{f-^*fi£[pI58«±ia 50 
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*wt>mmcm^x#i£z>m^mj: *) < fto/c 

o/ccbUJB?, *4C^«n«»CC±E»2©«-^flt0 

B«crJt«sn*A*ii*©9ft©il>a< <h&— :Slc* 
awm*«Ek:»^c»r**4«««J:0 *>*#<ft* 
r^acoff^o LfciWoT. ^2<D^#*fiS[plg8^_hfa 

©DC/DC3>A-m X-fyWHttBi^ 
^^mife^^Tff^, *jJ:c«S^«) <D5*><D4>ft< cb 

«a*a-r «#cc y -r xifim^tc llx i>*ti&m&m 

ccai/fti»<t5ft*7-fe^ h^^.6nSJ:^K:l8it*r 
n«, **w^»^ja3nsct©ftc»jwpa«cis-or^ 

>f ^^*IBt^Cc3^4/c*<Dfi#^^E3n-5CiaW 

8rtfflb/c|f^t Re *>©**■*-. *IOfc»»<DD 
C/DC3>a'-M1 08tC^U/cDC/DCn>y^ 

J:^X513n^ 0 co*7fe?F4iSiRllt 
^^^liS I L **-r*i*fi-rf I curtt<CttOXffij£(D2A 
Z>?X*y<tev b£**Z.2>®mx$>Z>. Tft^>^. * 

y-tv b£j$&&\\*. 1 0 4(tc^xm 

m^mm^ 1 contitt^3n^mss(t^ 1 curort, 

Xffij£<D5tJ$><>fV*ytevbZm?L2>o ft^fe, t<T 

-ctt, > ^mzfe 1 l zmrmnz mmm # 1 cu 

roj iWCX. *7-fe^ h*fiSHBlCCJ:D*7-fe^ h# 

^> e 3>A'u-^i0 4lt COSSSfi-^I cuntmSS 
JS^ffll«#Iconti*tfc«-r4. #IC, 02*#MLft 
3»e>. *jll«^SI©DC/DC=J>^-*(D«if^*M9a 
T€>„ ft*5, *3lttJB«©DC/DC=i>^-5rK:*5l» 

3. 3>^U-jfl04, ^SSl 0 5^) « % 08«1 



0 2©H2 9 hfflKFtCA^Sna. &*>\ AND 
r 1 0 6^ ^JTl tCteC^TBB^ri^feOif 

y ? y'y d^102 tt, C<D-fe ^ h ^;l/Xtc<fc 9 -fe ? 
httSKcttD, *©QHfcW* THj «cttS. 7Vvy'y 
0 2©Qffl**J THJ (Cft&&. X-f? 

t««OT«><. -eOT, CfttC^oT, S%fi # I curt) 

m\t*y*> y h t bxmmm^ i cur^cnox r o j * 
2cc7s-rwir«. ^JT2 mm, nmm-^vu # 

THj r L J CcW»)St>S*-C©IH. r£ 
OSES 1 tt. mtiftmn 1 curOSrf <D£ £*jfe«4|- I curl 
iltfflW^. B*59T3 CCtet^T, mfam-^l curlrt* 

m^mmn 1 cantftarr<s&, a>/<u-*io4©in 

* (y-te* hfi-^) B, TLj THJ &C$J91I*> 
&. CO'jt? h{B#tf THJ CCfc&£, AND y— r 

1 0 e&mcbtizt&ic. y v v^vvv-fi 02tfi 

V-tev bWmtftZo ANDy- b 1 0 G&WCbtiZ 30 
£* ^^H^7'j7^P^l02K:A*Sn4 
C<L#ifi±£n£ 0 ANDy-hl0 6lt n^ft 
^ I cura*sjg^««# I conti 0 fc'hS < &*£HjMi 
S. 7'J ^7n^l 02*sy-by httflStC^^i, 
tOQHl*^ I" L j 4tt9B*89T4 lc*>t,>T jgttff-^V 
u # THJ ^6 TLJ fit, 
fgltlff^VL # I"LJ THJ (C^JOStoS. CftCC 

ftfc, **M2#*~>*>3ftTHtfc«cas. 

C<DS£jH, -f>y^*««lL it. WPisX® 40 

< o ft. W*fi# I curlrt*«*ffl«# I contfciSUT 
e>, Igttifi-^Vu ifi r H j 3^6 r L J Cc«J0St>5*r 

«S0T4 tefet>TlBttM-SfVu * THJ r L J 

curO^UT^^-fe^ hV offset^* 

tuna, m^mmcuriit. wm.mm curoomm 

£ TVoffsetj tcV1Bn : $1tZCbtC£*)&P>tlZ. BS 

nccf^oT, mtitmn i curofecto'm^M^ i cunte so 
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L tt^Cf THJ frh TLj (CWQStoO, CtlCCiDX 
^^M2*s*->*73ti4. CcD^-^^tCJ:* 
^^X« v mSiff-^ I curO^dJr^^^ff-^ I curlCC^-tf 

rl«, h^@»lCC^0*««#IcurO«fc0 

fe rvoffsetj fcttffiTStfenr^s. ccotcib. b# 

S0T5 CC*j^Ty-<X3W»*LfciUrfc, 
ojnttJg^fflfi-^- 1 cont(c^gT€> C 4 < , J-fejF 

TLJ frh THJ ^^J0g^^ o Igftfl^Vu *s r L J 
frh THJ CCftJ0S*>4<b. X-T ?*Ml*J$r->:*> 

I curocc^-s^^-fe^ r 0 j K:-r^ 0 b# 

£UT6 a»<D»m*, fj^U/cB#^IjT2 -B^SIJT5 ©86 
7>J 0 20DR«CCS£or^->^> 

J:Q-fe^h3ti, 3>/<u-dr 1 04^6tH^3ti^i; 
■fe^ hff-^CCcfcO y-fey h^n^o n>^U-£ 1 0 4 

v*M\f)mm&<Dmmt. j>#2$n%Li 

L *a-r*i«l^ I curOiJg^fiim-^ I contiCDitKSB 

1 3^H«aK)inm» % i curo^^^^ h v 0 f 

f5et«tfttTS**Ci«cj:or»6ti*«jMI*I cu 

nifg^ffift^ 1 contt<Dtmmmcs^>x v-^vb 

zi>si-~2X\t> 08K:7nL/ct¥3Rcr)DC/DC=i>^ 

M2«, 1 0 5 (ommm^mmvtc— t©x 

% 1 l ttswwKKftr* <fc 5 «c«co. ai^mEEVout 
coy 9^«>/h3<<rs. £/c v x^fMiwuM 

mffi I l <D±Siasr«, *7 -fe v h w r 0 j ^c©r, 
g£^?C7)D C/D C 3 ^ t ffl D««ffiCCtot»r y -fe 

C/DC3>/<-^(DRW-*aieT*Ci«c<. gR?<D 
DC/DC3>A-^{C*tLT»M7-fe? h^Ielgg 

**f#e>ft*. H3lt ^7Hz^ h^E@Bl<3[)|Hl880'C 



(6) 

9 

lEttfi-sf v u # r h j r**fflrattW* 
*r*3?\ Igftfi^Vu ifi r l j r*5JHM«:ttflEft I 
offset^rijfeTc Ufe#^t» mSSfi^ I curlCOm(4«, 
3WBBtt«©*8lfflW, S«WCC*ife{M- I cu 

«Sfcfi|-^ I cur(XDm{i£ TRoffset • I offsetj tctti& 
T$t/clfii^^ 0 * 7 Hz* KB** SB:, ± 

4tt, **IH©fft©JK88(DDC/DC3>7^-^(DlpI8S 
Hncij*LfcDC/DC3>-r?-#tt, m«c 
•■*IcurOCC*7-by ht^A*«Wtr*ote*, CO 
DC/DC3>;^^it fg^ffiff-^I conttC*fUT^ 

DC/DCa^-drOftfMrlliWrSBI-CfcS. 

r&£ 0 hi^lEl5§l ltt % XY^Ml^ffl 20 

i ^Httionna. ts^HB*# i con^c*:? * ? h * 

ff-^VL # THJ r L J iCtyKlWfr&m 5 
lC*$l>Ttt. 1 0 4tC#£6ft£}g^fiifi 

m contcDm{i«x^-r>^i o 3cdw;^jej:9 & 

^^X?5i%btfe, 3>^U-£ 1 04iC*J^^tbU 30 

W^mEEVout ©y ^Arti/JvS < & 
*>\ i^©^»WTtt, BE10DC/DC3>^-^ 

tt<, tttfLtt* »BES©DC/DC3>^-d?«:fc3S 

»HSDC/DCn>^-^(D|p|l8Ht?*4 8 C(D#?JI 

K^-f^HI82 0 1, 7 y vfvu* y'2 0 2. x 
7-7>7*2 0 3, 3>a'U-^204, %J§S20 
5, ANDy-h20 6li v S8^L/c K9-f^HB 
10 1, 7»J?^D?^102, x^ — 7>:/l 0 
3, 3>;<l/-jrl0 4 l £«S2£ 1 0 5, AND^-h 
1 0 6K^*i^ftfB^T£ 0 BetcSVTWEKDC/D 
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<t©figcc;*-Y ?fM4#R»6hS. x>f^M3*$<); 
VM4tt 4 7 y v-fyuy-fz 0 2©tfc®CCftoT$IJffiJ 

S8©i*W, X4?*M3#HHMfc^3ft*£ftfc 
tt»CC«^ Sft£<hfttc;W**M 4"ttBBtt»CCfia# 3 

ft£„ x>f^M4{ctt, *ti«cafe^jccy-r*- 

F#S*fc3ftTfc0, */c. tB^ffi^OC^, tl5^n>^ 
Cout J&sSl^ntl^. ±E«J5S®»EBaDC/ 
DC3>^-*fC*5C»r, SSS2 0 5tcJ:07 y sr^ 

#HJ*«EVout fc£^>T^3ft&*«B4HtejB 

x./c<h^CC7 y vrfVXXv^Z 024'J-fe? hT^/c^ 
•fcCXy-te? hflfJCffiot^iJ '^70^2 0 2*H2 
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